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A Supply Chain (Structural Steel)
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Carbon footprint? Wastes? Emissions to air and water?
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Presentation Outline and Scope
(Focus: SME Companies)

e Open Standards for Supply Chain Modeling:
— Supply Chain Operations Reference (SCOR) Framexg&e““g
— GreenSCOR Framework

e Open Standards for Process Modeling and Web Services
— Business Process Modeling Notation (BPMN)

: : {\0(\
— Business Process Execution Language (BPEL) e(\\’&
— Web Service Definition Language (WSDL) ?\6\3(66
— Simple Object Access Protocol (SOAP)
e Open Source Software Tools for Web Services
— Eclipse’s BPMN Modeler, BPEL Editor SRR
o 6’&0‘
— Apache’s Tomcat, Orchestration Director Engine\@@?é\}éoo‘
Axis and Struts Servlets e (;0\
@G

— Liferay portal, MySQL, Hibernate, ...



Presentation Outline and Scope

e Open Standards for Supply Chain Modeling:

— Supply Chain Operations Reference (SCOR) Framewo&e\\(\g
WO

— GreenSCOR Framework



Supply Chain Operations Reference (SCOR) Framework

(Ref: Supply Chain Council (SCC), 1996)

e Uses: -

Supply Chain Network Modeling

...............

Performance measurement supplier's — wn Lo Do Grsts

Supplier Customer

Company

Benchmarking and best practices

* Five basic supply chain operations:

Plan : balance resources to meet the supply chain requirements

Source : manage the procurement, delivery, receipt, and transfer of subassemblies
and products

Make : transform products to a finished state

Deliver : order management, transportation management, and distribution
management

Return : post-delivery customer support

e Performance metrics (524)

Cycle time — planning, sourcing, production, delivery

Documentation

% Orders delivered on-time (shipping documents, accuracy, condition)
Shipping

etc..



Four Levels of SCOR Framework

Level

# Description Schematic

1 Top Level Plan >
eliver
eturn

(Process Types) [_Source )make )0 )
{_ Return R

N
S1: source stocked product; S2: source MTO product; S3: source ETO product;
— = : M1: make-to-stock; M2: make-to-order (MTO); M3: engineer-to-order (ETO);
g Configuration Level D1: deliver stocked product; D2: deliver MTO; D3: deliver ETO; D4: deliver retail _|
o 2 {PI'D'GESS P1: plan supply chain; -
- P2: plan source; an
= Categories) P3: plan make: e e
(el P4: p!an deliver; | P2 V) p2 / y y
O P5planretdrn
Q
7))
Process Element P11
LE‘JEI Identify, Prioritize, an.d
3 Aggrigeatjif:nrizlr:ltfham Balance Supply- Establish and
tDecﬂmste d Chain Resources |i| Communicate
P1.2 with Supply-Chain [§| Supply-Chain
PI’DEEESES} Identify, Assess, and Requirements Plans
Aggregate Supply-Chain
Resources

Implementation
Level
(Decompose
Process Elements)




GreenSCOR Framework

GreenSCOR 5pble-Clah Gl

Total Carbon Footprint
Level 1 Air+Liquid+Solid-% Recyc=Total Environmental Footprint

Level 2

Carbon Carbon Carbon Carbon Carbon Carbon
Air Air Air Air Air Air
Liquid Liquid Liquid Liquid Liquid Liquid
Solid Solid Solid Solid Solid Solid

% Recyc % Recyc % Recyc % Recyc % Recyc % Recyc

(Supply Chain Council (SCC). Supply Chain Operations Reference (SCOR) Model, Version 9.0, 2008.)




GreenSCOR Framework

Based on the SCOR framework
Additional performance metrics:

Carbon footprint (tons CO, equivalent)

e Based on (1) energy consumption, (2) fuel type and
consumption, or (3) process throughput

e QOr, actual emissions

Air pollutant emissions, e.g. COx, NOx, SOx, Volatile Organic
Compounds (VOC) and Particulate, the major air pollutants that
US EPA tracks (tons or kg)

Liquid waste generated (tons or kg)
Solid waste generated (tons or kg)
% Recycled waste (per cent)

(1) Total Carbon Footprint (e.g. product, component)

(2) Total Environmental Footprint (e.g. product, component) =
air emissions + liquid waste + solid waste x (1 - % recycled)




Performance Measurements using GreenSCOR
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Presentation Outline and Scope

Open Standards for Process Modeling and Web Services
— Business Process Modeling Notation (BPMN)

— Business Process Execution Language (BPEL)

— Web Service Definition Language (WSDL) Ot
— Simple Object Access Protocol (SOAP)



SCOR Level 3 and 4 Modeling

Business Process Modeling

Notation (BPMN):
Elements:

- Flow Objects:

Events, Activities, Gateways
- Connecting Objects:
Sequence Flow, Message
Flow, Association

- Swimlanes: Pool, Lane

- Artifacts: Data Objects,
Group, Annotation

SCOR Level 3 model (a collection of SCOR Level 3 processes)

Event: O O

Start End #

Sequence Flow

( Process Q]

Message Flow
Gateway: <'|> ® @

And XOR OR

Activity:

Task |

= [>

Association

Connecting Obijects:

PI4Est, m2.1 M2.3
Praduction Schedule Mgfnlfus;‘e Praduce &
Plans FfUdUCtlUﬂ Test
F1.4 Establish

Erectors

M2: Make-to-Order

L\

O

Supply Chain
start P24 Establlsh
Suurcmg Flans

52.1 Schedule S2.2 Receive| 82.3 Verify 52.4 Transfer
Pruducl Deliveries Product Product Product

end

S2: Sourcé Make-to-
Order-Product—

F3.4Est
Production
Plans

m2.1
Schedule
Production

Fabricators

P4.4 Est
Delivery Plans

D2.2 Receive &) D23 D24 D26 Ruute D27 Select DzBRece“’E D211 Load Dzusmp
validate Order Determine Consolidats shi mems Carriers Prod. mm S’ Product Praduct
Delivery Date Orders P

M2.3
Produce &
Test

M2.2 Issue M2.4

Froduct

P2.4 Est
Sourcing
Plans

51.1 Schedule
Prod
Deliveries

Transfer
Product

51.2
513 Verlfy
Receive
Pruduct Product

Package

M2.6 Release
Product to
Delivery

M2.5 Stage,
Product

____________ D1: Deliver Stocked Product

D16R0

D1.2 Recei\re, D1 3 D1.4
Enter & Validate Determine Cunsulldate
Order Delivery Date Orders

| ute D1.7 Select
Shipments Carriers

D1.8 Receive ?_L;[} D1.12 Ship)
Prod. from SiM Product
Froduct

M1.2 Issue M1 4 M1.5 Stage 1.6 Release
Product Pruduce& Package Product Product to
Test N Delivery

w i

= f

§ P3.4 Est 1.1

2 P4.4Est Production Schedule

= Delivery Plans Plans Production

o
F2.4 Est. S1.1 Schedule
Sourcing = Prod.

Plans Deliveries

S1.4
Transfer
Product

51.2
813 Ver\fy
Receive H
Product Product

=,

M1: Make-to-Stock

S1: Source Stocked

Mills

D1.2 Receive D1 3 : ; . D1.11
N . D1.6 Route D1.7 Select D1.8 Recel\re D1, 125h|p
Enter & Validate Determine Cnnsnl\date Load
Shi It Prod. fi SJM Froduct
Order Delivery Date Orders 'pments Carriers rod-from Product rodue
Vake-to-Stock

P4.4 Est
Delivery Plans

P3.4 Est M1 M1.3 M1.6 Relzase J
Production Schedule M:DELSS?E Produce & PM1K.4 M;fag&i?e Productto
Plans Productian roduc Test ackage Delivery

Level 3 process)

SCOR Level 4 model
(implementation of a SCOR

H Coke Making

M1.3 Produce &

Test

M

Wini ‘ Update
- lrg‘r:”grg Sorting GreenSCOR
= Metrics
start
Update
Blast GreenSCOR
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http://upload.wikimedia.org/wikipedia/en/0/09/BPMN-Activity.JPG
http://upload.wikimedia.org/wikipedia/en/a/af/BPMN-Connecting.png

ollaborative Systems with Open Standards

System Design

Supply Chain
Network Modeling

/ System Implementation

Web Services
Mechanisms and
Protocols (e.g. SOAP)

Data Formatting
(e.g. WSDL, STEP,
IFC)

<?xml version="1.0" encoding="UTF-8" standalone="no"?>
<wsdl:definitions

xmIns: http://schemas.xmlsoap.org/wsdl/soap/™
xmIns: http://eig.stanford.edu/GreenSCOR™

xmIns: http://schemas.xmlsoap.org/wsdl/*

/
(e.g. SCOR) /
///
= & = o=
’ ) . /
py e 5/
i [ e e iy el
Supplier suppter W0y W cusomer Customer /|
/
/
//
Process Modeling /
and Definition / Process Execution
(e.g. BPMN, UML, PSL, , (e.9. WS-BPEL,
PetriNet, IDEFO) / K WS-CDL)
/
/ start
/

Update

o sining ot | [
sorr
fron Qe 1 W

Wols

start

Basic Omypgen
Fuinace Shial

GreenscoR
: Making

i, Rolling i /

xmIns:xsd="http://www.w3.0rg/2001/XMLSchema” name="GreenSCOR"
targetNamespace="http://eig.stanford.edu/GreenSCOR">
<wsd |l : types><xsd:schema
targetNamespace="http://eig.stanford.edu/GreenSCOR">
<xsd:element name="ReportGreenSCOR">
<xsd:complexType><xsd:sequence>
<xsd:element name="organization” type="xsd:string" />
<xsd:element name="process"
type="xsd:string"></: celement>
<xsd:element nam tem” type="xsd:string"></xsd:element>
<xsd:element name="value" type="xsd:double"></xsd:element>

Miing of Iron Ore

Sarting

Update GreenSCOR Metrics

Coke Making

sinter

Blast Furnace

<xsd:element nam unit"” type="'xsd:string"></xsd:element>
<xsd:element name="CO02e" type="xsd:double"></xsd:element>
</xsd:sequence></xsd:complexType>

</xsd:element>

</xsd:schema></wsdl : types>

<wsdl:message name="ReportGreenSCORRequest''>

<wsdl:part element="tns:ReportGreenSCOR" name="parameters"/>

</wsdl :message>

</wsdl:definitions>

(BPMN Modeler — Eclipse)

Update GreenSCOR Metrics

Basic Oxygen Fumare Stesl Msking

(BPEL Editor
— Eclipse)

Section Raling

Update GreenSCOR Metrics




Presentation Outline and Scope

e Open Source Software Tools for Web Services

— Eclipse’s BPMN Modeler, BPEL Editor \&\0‘:\0‘\
, . : ?
— Apache’s Tomcat, Orchestration Director Englne\@@?é\}éoo‘
Axis and Struts Servlets e (;0\
@C

— Liferay portal, MySQL, Hibernate, ...



SC Collaborator — A Prototype Implementation
Open standards :
SOAP, WSDL, BPEL
Open source software:
— Apache Tomcat, Struts framework, Axis framework: communication
— Liferay Portal System: user interface
— MySQL, Hibernate framework: database support
— Apache ODE engine: BPEL engine

Vs

Manufacturers Databases App||cat|0ns —= . Web Extensible
@ T Vices Computing
-
] ]|
s N — == )
HTTP
Designers 4 . \ )
— J| web | Business -~
D: browsers |y - Applicati
< - = Order Materials s pplications @
§ (_Management ) \ Monitoring ) | Procurement """ (Apache ODE) © 8
Engineers WAP 0 @
Wireless @ J\(f N VI E DB
A T
‘ H devices |41 S System }[ User [ Layout 1 Portal Interface| || ™ | -2,
| .‘? Management Management | | Management (Liferay) <j P
: —/
. ——— \ J
Dlstrl_btitlors SOAP E S Commun|cat|0ﬁ
B Web || truts Axis WSDL L
= > services | Servlet Servlet ayer
— (Apache Tomcat) )/
Suppliers . —
Clients SC Collaborator (sava) )

‘J)L— N A\



SC Collaborator — A Prototype Implementation

/

Emissions and Wastes
Reporting and Calculation

Service Deployment of

Applications and

Information Sources

Portlet gateway

\

Portlet gateway

App 1 s i GreenSCOR
Wrdpper i Wrdpper App 2
Web services Wrgpper Web dervices Wrdpper Source 2
wsDLT N~ | Web dervices | 1 wspy| LWeb Services || Wrdpper
i \\\ \\\\/\/«\//x WS/D*L/ ',I \\\ \\\\\\\ M Web erVic@ﬁ
R L) | BPEL (M1.4)
/’ FlwsbL
| - / ‘l
= [ B "
© [ 4
B BPEL (Product 1) ‘n ]
_% WSDL [~ BPEL (Prod. 3)
— "1 WsDL
8 ] Tha 477 T \‘\J
O Application Application Application
N Portlet Unit <:> Portlet Unit <:::> Portlet Unit

|

Portlet gateway

i

SC Collaborator Layout

SCOR Level 4
Models

SCOR Level 3
process element

SCOR Level 3
Models

Portlet Integration

Centralized Management

and User Interface




Reporting Carbon and Environmental Footprint

T\

SC Collaborator

Welcome, Jack Cheng! v

Process: |{D1 Deliver Stocked Product i
Maotes: | D1 Deliver Stocked Product
01,11 Load Product

_ D1.12 Ship Product
Energy C 01,2 Receive, Enter & Validate Crder
[] rid el{ D13 Determine Delivery Date
D1.4 Consclidate Orders
[] @as oil D1.6 Route Shipments
1 D1.7 Select Carriers
[] Fuel 0i p1,8 Receive Product fram Source/Make
M1 Make-to-Stock
[ Natura M1.1 Schedule Production @
[] P (M1.2 Issue Product

M1.3 Produce & Test
[] Diesel; M1.4 Package
M1.5 Stage Product
[ Fetrol: | M1.6 Release Praduct to Delivery
P3.4 Establish Production Plan
O Industt by 4 Establish Dilivery Plan

Production of steel hot rolled

sections (incl. mining of iron ore,
coke making, blast furnace, and

BOF steel making)

["Feme [ Schede ™ [TeskR=port [ TPOWgE | ergReg | Footprint Report | Fudtprint Summary | POPrep | Proden |

Footprint Data Reporting

@ Report | Organization: Mill A

End-product: |

Amaount: | | kig

Wastes / Production residues:

@ System recognizes your
organization when you log in

@ Select the SCOR Level 2
(P/S/M/D) or Level 3 process
to report

@ Fill in the numbers

Submit the numbers to the
back-end inventory

[ waste: ‘ kg
[0 % wyaste recyeled: %,
Emissions to water:

[ 1ron: | kg w
[] Lead: | kqg w
] Aluminiurm: | kg v

Emissions to air:
[ carban dioxide:

[ Carbaon disuliide;

[ carban monaxide:

[J Hydrofluarocarbons (HF Csi:
[ Methane:

[] Mitrogen dioxide:

[ Mitrous oxide:

[ Partticles (PmM2.5-10%:

[ Perfluoracarbhans (PFCS):
[] suliur dioxide;

[ sulfur hexafluaride:

kg

kg

ka v
ki b
kg b
kg A
ki b
kg b
ka b
ka v
ki b




Process data set: Steel hot rolled section; blast furnace and electric arc furnace route; production mix, at pl

EU LCA DataSet

Tahle of Contents: Pracess infarmation - Modelling and validation - Administrative infarmation - Inputs and Outputs

Process information

HKey Data Set Information

Location

Geographical
representativeness
descriptian

Reference year

Marne

lJ=se advice for data
set

Technical purpose of
product or process

Classification

General camment an
data set

Cuantitative reference

Referance flaws)

GLO

Diata setis based on average
Other upstream data (e.g. iror

2000

Base name; Treatment, stam
Steel hot ralled section; hlast

The data setincludes the bur
manufacturing and End-of-Lif
data set requests contact the
vy e rafer.org; the Warld 8
data): wwnw apeal.org.

A steel section ralled in a hot
can be found on the market fo
bridge trusses, vertical highw

Class name I Hierarchy level
Materials production r Metals

Good data quality. Data collec
standards, and consistency-c
data modified by warldstesl fo
hased on warldsteel site spes

Copyright? Yes

steel hot rolled section; blast-

Time represemativeness

Data setwalid until:

Time
representativeness

2009

Annual average, site-specific
nrnresses will remnire adinsh

Inputs and Outputs

Inputs

Type Of
Flarwy

Eenentany
fow

Beaentary
fow

Eementany
fow

Eementany
flow

Elenentany
flow

Elenentany
o

Eenentany
fow

Eenentany
fow

Eearerdary
fow

Ctputs

Type Of
Flawy

Froduct fow

M ste fow

Eenentany
fow

Eenentany
fow

Eeaendary
fow

Eementany
Mo

Elementany
flow
Elenentany
flow
Elenentany
fow

Eenentany
fow

Beaentary
fow

Eementany
fow

Eementany
M

Clazzification

Reszources ! Resources from ground £ Mon-renewable material

Flawy

caleium carbonate

(http://Ica.jrc.ec.europa.eu/lcainfohub/datasetArea.vm)

Crude oil: 1.797 MJ

Coal: 7.409 MJ

%l%atural gas: 2.481
J

source type

OAZ523831 kg (Mass) 0093533831

e priwary &

Data derivation type §
status

Ulrbivon iy e vadion

resources from ground ﬁ FERCOGIEY
Resources J Resources from ground £ Hon-renzwable enengy crude oil; 423 1. 79606428356 MU (Net calorfic | TORORASE35E e priwany Ui dervation
resourzes from ground (AR wajle) SECOGTEY
Resources [/ Resources from ground / Mon-renewable material dolomite (24577527 kg (Maass) 0 D34EITEIT NEred prtary & Ui derivation
resourzes from ground — SECOGTAY
Resources [/ Resources from ground / Mon-renewable enengy hard coal/26.% 7408718617958 bl (Net calorific 7 40T 1E6 TS NEred prtary & Ui e rivation
rezources from ground hollilig walue) FECORIATY
Resources f Resources from ground f Mon-renewable material inert rock 0.2054350372 kg (Mass) 0 2054250372 WExed pifwary Ui derivation
resources from ground FECOGIEY
Resources f Resources from ground f Mon-renewable element iran 03051530055 kg (Mass) 0 90E1539058 WExed pifwary Urbiowis derivabion
resources from ground FECOMIEY
Resources f Resources from ground ¢ Mon-renewable enengy natural gas; 441 2.48111870069694 hid (Met calorific 2 45111270060594 e priwary & Urbiowis derivabion
resources from ground bl walue) FERCOGIEY
Resources f Resources from water f Renewable material water 3.435375378 kg (Mass) 3 4353TEITE e priwary & Urbinowi dervation
resources from water FRCOGTEY
Resources § Resources from ground f Mon-renewable element aing 0004373832 keg (Mas=) 0 D04 Mixed priwacy & Ui dervation
resources from ground Feconary
I ’ hean Diata derivation type
Clazzification Flawy Resutting amount Data source type
o amount b ! statuz

Waterials production £ hetals and steel hot rolled section; blast fumace and electric an: fumace WExed pifaary & —
semimetals route; production mix, at plant 1kg (vasz) 1 FeCOadany Urito wi dedvation
Wastes ¢ Production residues waste (unzpecified] 0449576076 kg DadanraOze  VERTREEYS e decivation

=t FeCOadany
Bmissions / Bmissions te air [ Bmissions ;5 5 o4 chlorodibekza-p-dioxin 393519812 kg sgasiap z  VEEIAMRENS o dedvation
to air, unspecified (hBzs) secondany
Emissions f Emissions ta water / . 0.00016259 kg e priwary & -
Emizzions to fresh water 2Mmania (hBzs) 000016259 secondany Himetio wi dedfvation
Ernl_ssmns ! E.rr.nssmns to air f Emissions sadmium 65306368 kg § 53063ES Mfred priwacy & Ui derivation
to air, unspecified — [t =] secondany
Emizgions § Emissions to water / . 38081369 kg Nfred prtwary —
Emiszions to fresh water cadmium hiasz) 38081380 secondany Ui wit derfvation
Ernl_ssmns i’ Elrr.nssmns to air § BEmissions carbon diexide 1.099G26982 g 1 (O0REEDET Wixed prary & Ut wir derivation
to air, unspecified E— == Fecondany
EI'nI.SSIOHS i’ Elrrlnsslons to air £ Emizsions carbon monexide 0013261505 kg 0012261505 WExed pifwary Untiiio i derivation
to air, unspecified _ ha=zs) FeCOadany
Bmissions / Bmissions ta water / chemical oxygen dema | / 3 A103TES kg 301037ES  WREIAERENY S o dedvation
Emizzions to fresh water < s b lary
Emissions f Emissions to air £ Emissions . H . prifany & -
to air, unspecified chromium ~$ Steel SeCtlon . 1 kg pofary Himetio wi dedfvation
Emiszions £ Emissions to water / . ~$ - prisary —
Emizsions to fresh water chromium WaSte . O 45 kg |tary Uirwbien ey cevivation
Ernl_ssmns ; E.rr.nssmns to air / Emissions hsdronen chioride Carbon d|0x|de : 1 . 1 kg prisary & Undio i derivation
to air, unspecified HnAfanE B0z, B pfary
TEnT:—SI.O.:znig;?fdsmns to air £ Emizsions hdragen sulfide Carbon mOFIOXIde 0013 kg ﬂ":":’?ﬂﬂff Urdiro w derivakion




Emissions ! Emissions to air § Bmizsions
ta air, unspecified

Emissions ! Emissions to air § Bmissions
to air, unspecified

Emissions ! Emissions to water
Emissions tao fresh water

Emissions ! Emissions to air § Bmissions
to air, unspecified

Emissions ! Emissions to water
Emissions tao fresh water

Emissions ! Emissions to air § Bmissions
to air, unspecified

Emissions ! Emissions to air § Bmizsions
ta air, unspecified

Emissions ! Emissions to water f
Emissions to fresh water

Emissions ! Emissions to air § Bmizsions
ta air, unspecified

Emissions ! Emissions to water f
Emissions to fresh water

Emissions ! Emissions to air § Bmizsions
ta air, unspecified

Emissions ! Emissions to air § Bmissions
to air, unspecified

Emissions ! Emissions to water
Emissions tao fresh water

Emissions ! Emissions to water f
Emissions to fresh water

Emissions ! Emissions to air § Bmizsions
ta air, unspecified

Emissions ! Emissions to air § Bmissions
to air, unspecified

Emissions ! Emissions to air § Bmizsions
ta air, unspecified

Emissions ! Emissions to water f
Emissions to fresh water

Emissions ! Emissions to air § Bmizsions
ta air, unspecified

Emissions ! Emissions to water f
Emissions to fresh water

Emissions ! Emissions to air § Bmizsions
ta air, unspecified

Emissions ! Emissions to air § Bmissions
to air, unspecified

Emissions ! Emissions to water
Emissions tao fresh water

EU LCA DataSet

carbon dioxide

1.0996269232 kg
=]

1. 099636952

carbon monoxide

chemical awygen demand

Iron: 0.0001171 kg
Methane: 0.0007196 kg
Nitrogen dioxide: 0.0016869 kg

chremium Nitrous oxide: 4.81014E-5 kg
chramium Particles (PM25-10) 0.0006144 kg
_ Sulfur dioxide: 0.0020492 kg
hydrogen chlor
(WL =EE]
/ 32494465 K
drogen syffide (Vass) 4 3. 24044E.5

ﬁ.
=

i
]
o

T
w
[=%

El

(=i

=

[N a

H =

L
=
o

itrogen

=

nitrogen dicaid

L

nitrous oxide

non-methane wilatile frganic compounds

particles (* F?ém}

particles (Pht? 5 - éhﬂm!

phosphate

sulfur dioxide

e
=
]

o
=]
]

0.000117068 kg
=k
2309266 kg
=]

1 2641TE-7 kg
=k
1.09549E-7 kg
=]

0.0007 19562 kg
=k

5. 3035468 kg
=]

1 G4656E-5 kg
=k
0001626361 kg
=]
42101465 kg
=k
0.000130676 kg
=]

6. T2043E-5 kg
=k

0.0006 14392 kg
=]

1. 5529549965 kg
=k
0002049177 kg
=]

1351665 kg (Mass)

J0G1TEET kg
=]

0.00011706S

209366

1.96417E7

1.09548E-7

0.0007 19562

5. 303548

1. G656 ES

0.001626261

45101464

0.000 120676

. FE043E4

0.00061 4392

155095480 -4

0.002048177

1351665

JOG1TEET

Tefmed prvary
Fecofmiany
Mfimed priwary
Feoomdary
Tefmed prvary
Fecofmiany
Mfimed priwary
Feoomdary
Tefmed prvary
Fecofmiany
Mfimed priwary
Feoomdary
Tefmed prvary
Fecofmiany
Mfimed priwary
Feoomdary
Tefmed prvary
Fecofmiany
Mfimed priwary
Feoomdary
Tefmed prvary
Fecofmiany
Mfimed priwary
Feoomdary
Tefmed prvary
Fecofmiany
Mfimed priwary
Feoomdary
Tefmed prvary
Fecofmiany
Mfimed priwary
Feoomdary
Tefmed prvary
Fecofmiany
Mfimed priwary
Feoomdary
Tefmed prvary
Fecofmiany
Mfimed priwary
Feoomdary
Tefmed prvary
Fecofmiany
Mfimed priwary
Feoomdary
Tefmed prvary
Fecofmiany
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Uirbirvo wir dedvadion

Um0 wir deivadion
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Reporting of Carbon and Environmental Footprint

éc counborntor Welcome, Jack Cheng!

Data from EU [Fore [ Schedie | ¥askReport [ FOMar || GraReg | Footprint Report | Fastprint Summary || PO Prep | Prodton

Footprint Data R ti
LCA data cofprint Lata Reporiing Weight of steel sections

sheets Report | Organization: Mill A l produced

Process: | M1.3 Produce & Test w End-product: EE-:H:'I section CS36-M10-20-40-5
Notes: | Amount: |11528 ki b
Carbon Energy Consumption: Wastes | Production residues: M\
Footprint [ Grid electricity; | kil ] WWaste: 5186 | ki » Environmental
[] Gas oil; | tonnes |+ ] % waste recycled: %, Footprint
v| Fuel oil:
Hety |20?15 M - IEmissiﬂns to water:
Matural gas: |286E|2 M » ] Tron; [1.35 ka v
O Lpe: | kih [ Lead: | kg v
[] Diesel: | tonnes (¥ O Aluminium: | kg v
[ Petrol: |
Industrial coal: (25408 Emissions o air:
] Carhon dioxide; |126?? ki
Example (coal): (] Carbon disulfide: | kg
85408 x 1.188 Carbon monoxide: |153 kg
= 101 457 k CO ] Hydrafluorocarbons (HF Cs): ki b
’ g9+%% Example (methane): o IB = 5
‘ v Methane: . Q b
Defra’s GHG conversion factors (20yr) 8.3 x {2 mmon o X :
. ‘ | Mitrogen dioxide: . v
(April 2008) = 597.6 kg CD,e " ’ . | kg
! ) | Mitrous oxide: 0.55 w
Units kg CO,/unit (100 yr) 8.3 X 25 e e | kg
v Particles S-10) 7.08 Q b
Fuel oil M 0.965 =207.5 kg CQO.e
] Perluorocathons (PFCs): | kg v
Natural gas mJ 0.666 I / . Sulfur dioxide: |23.6 ka -
Industrial coal M) 1.188 Global Warming Potential B Sulfur hexafluoride: | g =




Discussion

Open Standards -- facilitates prototype implementation of
sustainable engineering supply chain

GSCM framework — Compatibility with companies’
processes and environmental management systems?

Data, Case Studies, Interoperability -- Data collection
throughout supply chains can be difficult and costly?
Sharing of data and case studies among companies? Data
interoperability among application services?

Metrics, Standards and Regulations — Performance
measures and standardization of metrics, regulation
compliance infrastructure?

Usage and End-of-Life consideration -- total environmental
impacts throughout entire product life cycles



Green Supply Chain Management (GSCM) and Life Cycle
Assessment (LCA)

e LCA usually does not consider the environmental impacts of suppliers (n-th tier
suppliers)

e GSCM usually focuses on supply chain operations (planning, sourcing,
production, delivery, and return activities) but not use and re-manufacturing

e LCA + GSCM (+ social responsibilities)
Life Cycle Assessment

Energy [ . ]
{ (tools, facilities, transportation, staff, etc.) } HEDELE
Raw Manufacturing Manufacturing
Material > by Tier-n —> . by Tier-1 > Prgggct > Rgtri(r)grlrj\(:nt » Disposal
Extraction Suppliers I Suppliers
Recycling &
Remanufacturing

[ Products & By-products ]

[ Carbon Emissions ] Emissions
(to Air, Water, Land)




Apple a nd the EnVi ronment Life Cycle Impact Product Usage Impact Reports News

We account for everything. Including our products.

Apple reporis environmental impact comprehensively.
We do this by focusing on our products: what happens when we design them, what happens
when we make them, and what happens when you take them home and use them.

38% 530/0

h, 3%

@),
+ + '& .‘ “======ﬁ A

Manufacturing Transportation Product Use Recycling Facilities

http://www.apple.com/environment/
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